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TECHNICAL NOTE
Measuring total body water in peritoneal dialysis patients
using an ethanol dilution technique
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Measuring total body water in peritoneal dialysis patients using which errors in V, the distribution volume of urea (equiv-
an ethanol dilution technique. alent to TBW), translate directly into errors in dialysis
Background. The accuracy with which total body water dosing. A number of measures of body water (including(TBW) is estimated is a direct determinant of the reliability
those that use marker solutes, such as deuterium oxide,of Kt/V urea measurements in peritoneal dialysis (PD) patients.
tritiated water, oxygen18-labeled water, ethanol, urea, anti-Ethanol dilution has been previously shown to be a reliable
measure of TBW. Advances in breath alcohol technology make pyrine, and related compounds) are highly accurate but
this a feasible clinical tool. have not achieved regular clinical use because of cost,
Methods. We gave 19 fasting chronic PD patients 0.3 g/kg
time requirements, potential toxicity, or other factors. Forof ethanol (EtOH) orally on two separate occasions. Breath
clinical purposes, V continues to be estimated using for-alcohol concentrations (BrACs), determined by dual-beam in-
frared analysis, were recorded at baseline and periodically mulae based on age, sex, weight, and height, despite the
thereafter until BrACs were less than 0.01%. The TBW was often substantial errors that occur with these equations.
then determined by standard pharmacokinetic techniques. We believed that one of these marker solutes, ethanolResults. TBW measurements were reproducible, with a mean
(EtOH), lent itself to the development of a clinically accept-between-run difference of 20.004 liter/kg (95% limits of agree-
able protocol that could potentially achieve widespreadment 20.040 to 0.032 by Bland–Altman). The Watson equa-
tions tended to underestimate TBW, with a mean difference use and increase the accuracy of PD dosing. We report
(EtOH 2 Watson) of 13.0 liters (sd 4.0 liters, P 5 0.004) and here the results of a study of body water measurement
a mean absolute difference of 4.1 liters (sd 2.7 liters, range
using ethanol in 19 CCPD patients. The objectives of24.4 to 9.5 liters). Kt/V was calculated from dialysate and urine
this study were to develop a practical, reliable, reproduc-collection, using V as determined from TBW estimates from
EtOH and Watson. The mean Kt/V(EtOH) was 2.31 (sd 0.50) ible, and clinically useful method of determining TBW
compared with 2.46 (sd 0.52) using Watson. The mean absolute using oral ethanol ingestion and breath alcohol analysis.
difference between the two Kt/V estimates was 0.26 (sd 0.20,
range 20.87 to 0.57), with Kt/V overestimated by Watson in
14 patients. EtOH was well tolerated, and the procedure was METHODS
completed in about four hours.
This was a prospective, single-dose, open-label studyConclusions. Measuring V by the BrAC technique does not
require blood sampling, is reliable, and is reproducible. It is a in adult PD patients. The protocol was approved by the
potentially useful method for a periodic determination of vol- appropriate institutional review boards (Rutgers, The
ume that may allow for more accurate Kt/V measurement in State University of New Jersey, University of MedicinePD patients.
and Dentistry of New Jersey, and Dialysis Clinic, Inc.),
and informed consent was obtained from each study
participant prior to entry.Knowledge of a patient’s total body water (TBW) is
Studies were performed on 19 adult patients with end-of particular importance in peritoneal dialysis (PD) in
stage renal disease who were maintained on continuous
cycling PD (CCPD) and who attended the Dialysis Clinic,
Inc.–RWJ Dialysis Center home dialysis unit in NorthKey words: dialysis adequacy, urea distribution volume, Kt/V, breath
alcohol concentration. Brunswick, NJ, USA.
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sure .110), concurrent use of any medication known to were taken every 15 minutes for the first hour and then
approximately every 10 to 15 minutes until the readingcause adverse drug interactions with ethanol, acute ill-
ness within one week of study day, active peptic ulcer registered by the breath analyzer was less than 0.01 g of
ethanol per 210 liter of expired air. After completion ofdisease, gastritis, gastroparesis, or liver disease. A history
of alcohol or drug abuse or drinking practices of more the absorption and distribution phase, patients were fed
a standardized lunch.than two “drinks” per day or consumption of alcoholic
beverages within 48 hours prior to study day were also Vital signs (sitting blood pressure and pulse) and gen-
eral patient assessment were monitored hourly after thegrounds for exclusion from participation, as were known
positive hepatitis B-s-antigen (HBsAg) and/or human test dose administration, as were diabetic patients’ blood
immunodeficiency virus (HIV) antibody status. sugar levels. Participants were not released from the study
Each participant underwent a clinical evaluation within center until their alcohol concentrations were ,0.01 g
four weeks prior to administration of the first test dose ethanol/210 liters expired air (approximately one fifth of
consisting of the following: physical examination includ- that considered potentially intoxicating) and were pro-
ing height (cm), weight (kg), complete vital signs (tem- vided with transportation home after the study. Any
perature, sitting blood pressure, pulse, and respiratory adverse events associated with test dose administration
rate), and a routine laboratory evaluation. The laboratory were documented.
evaluation consisted of a complete blood count, including The procedure was repeated after an interval of 2 to
differential, red blood cell count and platelet count, he- 30 days.
moglobin and hematocrit, blood chemistry (Na, K, Cl,
Assay methodologybicarbonate or CO2, glucose, Ca, uric acid, total bilirubin,
total protein, albumin, AST/SGOT, ALT/SGPT, alka- Routine clinical chemistry was conducted by the DCI
line phosphatase, blood urea nitrogen, and creatinine), Laboratory (Nashville, TN, USA) using standard tech-
and a pregnancy test for premenopausal females. niques.
All medications received by the participant within the
Breath alcohol concentrationmonth preceding and during the study period were re-
corded, including dosage and duration of treatment. For The breath alcohol concentration (BrAC) was moni-
the study day, insulin-dependent diabetic patients were tored by dual-beam infrared spectroscopic analysis
instructed to hold their usual regular insulin dose and (BAC DataMaster; National Patent Analytical Systems,
to cut their usual NPH dose by one half. Patients taking Inc., Mansfield, OH, USA). This instrument has a manu-
oral hypoglycemic agents were instructed to omit their facturer-reported accuracy of better than 0.002 BrAC
regularly scheduled morning dose. units at 0.100 BrAC and a precision of better than 0.002
BrAC sd (BrAC 5 g of EtOH/210 liters of air). At the
Study procedure
beginning and end of each study, ethanol standards (0.02
After an overnight fast, each participant was adminis- and 0.04 BrAC) were used to validate the measurements.
tered a single dose of 0.3 g/kg of ethanol based on total
body weight. The test procedure was carried out “dry,” Watson equation
that is, with no dialysis fluid in the peritoneal cavity. TBW was estimated using the Watson equations as
After voiding urine (unless anuric), participants were follows [1]:
weighed wearing only undergarments and a disposable
V for male subjectshospital gown. Blood samples were obtained for hemo-
globin/hematocrit. Vital signs and blood glucose level 5 2.447 2 (0.09516 3 age in years)
were recorded, and a baseline reading of breath alcohol
1 (0.1074 3 height in cm)level was taken just prior to test dose administration.
The ethanol, “US proof spirit” (Smirnoff 100, distilled 1 (0.3362 3 weight in kg)
by STE PIERRE SMIRNOFF FLSt; Hartford, CT,
V for female subjectsUSA), which has an ethanol content of 50% by volume
60.5%, with a specific gravity of 0.9341 at 15.568C that 5 22.097 1 (0.1069 3 height in cm)
was measured just prior to the administration. The dose
1 (0.2466 3 weight in kg)was administered with 250 ml of an artificially sweetened
carbonated beverage, which the participants were free
Data analysisto mix with or “chase” the ethanol according to their
Pharmacokinetics of ethanol in blood. Ethanol exhib-preference. This was then consumed over a period of
its saturation kinetics at blood alcohol concentrationsnot exceeding 15 minutes, after which the participants
over 0.1 g/liter; therefore, the concentration-time profilesrinsed their mouths with water.
Thirty minutes after starting the drink, breath samples of ethanol were evaluated by employing standard zero-
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Table 1. Baseline patient characteristicsorder pharmacokinetic approaches using Microsoft Ex-
cel 97. The rate of disappearance of ethanol (k0) was Female Male Total
obtained from linear regression analysis of the postab- Number 11 8 19
Age years 41613.9 67.866.2 52.3 617.5 (21–75)sorptive, postdistributive phase of the EtOH time-con-
Height cm 16467.4 171 64 167 67 (153–178)centration curve. The y intercept of this regression line
Weight kg 67.3618.2 84 610.8 76 616.7 (42.8–109)
gives C0, the theoretical alcohol concentration at time BMI kg/m2 2666.8 28.662.6 27.1 65.5 (18–41)
Diabetic n 3 1 4zero if the entire 0.3 g/kg dose was absorbed and distrib-
Hct % 33.763.8 35.5 66 34.5 64.8 (27.8–47.8)uted instantaneously into TBW without any metabolism
Albumin 4.160.4 4 60.3 4 60.3 (3.5–4.6)
occurring. C0 was set at the onset of ethanol ingestion. Kt weekly 84.7616.8 94.9 615 89 616.5 (56–112.6)
SCr 10.262.7 8.9 62.3 9.6 62.5 (3.4–14.1)The ratio of dose of ethanol divided by C0 is the apparent
volume of distribution of ethanol. Mean 6 sd (range).
Estimation of total body water. Based on the following
relationship:
The ethanol procedure was repeated in 10 female andWhole body ethanol concentration
Blood ethanol concentration 7 male subjects after an interval of 2 to 30 days. Figure 2
is a regression analysis of the repeated measurements of
5
Total body water concentration
Blood water concentration TBW (liters) by ethanol dilution, which demonstrates a
high degree of reproducibility (R2 5 0.98). Figure 3 is a
Total body water (TBW) was calculated using the fol- Bland–Altman plot of the differences of TBW (liter/kg)
lowing equation: between runs versus the averages of runs (mean differ-
ence, 20.004 liter/kg; 95% limits of agreement, 20.040TBW (liters of body water) 5 (A/C0) 3 BIW
to 0.032).
where A is dose of ethanol in grams, BIW is the fraction Figure 4 shows the relationship between TBW esti-
of water in blood 5 0.85 Kg of water/L blood, and C0 is mated by ethanol dilution and by the Watson equations.
expressed as grams per liter. TBW, as measured by ethanol, was 0.53 6 0.7 liter/kg.
The Watson equation yielded an estimate of 0.49 6 0.04
Statistics liter/kg. Although there is a reasonable correlation (R2 5
The correlation was estimated by linear regression 0.85) between the two methods, it is insufficient to predict
analysis using the least-squares method. The agreement individual values. Figure 5 shows the relationship be-
between repeated measures of ethanol dilution and be- tween the difference in TBW (EtOH 2 Watson) and
tween ethanol dilution and the Watson equations was the average TBW measured by the two methods (in
assessed using Bland–Altman analysis [2]. Comparisons liter/kg). Values determined by the Watson equations
of means were assessed using paired two-tailed t-tests. generally underestimated V with a mean difference of
All statistical analysis was performed using Microsoft 0.04 6 0.06 liter/kg (P 5 0.015). The large standard
Excel 97. All data are presented as mean 6 sd. A P deviation indicates the poor precision of the Watson
value of less than 0.05 was considered significant. equation in this patient population. When TBW is com-
pared using total volumes (liters), the mean difference
was 1 3.0 6 4.0 liters (P 5 0.004, range 24.4 to 19.5 l),RESULTS
with the mean absolute difference being 4.1 6 2.7 liters.The baseline characteristics of the participants are pre-
The mean Kt/V calculated by ethanol dilution andsented in Table 1. Participants were representative of
the Watson equations was 2.31 6 0.50 and 2.46 6 0.52,the dialysis patient population with a broad range of body
respectively. The mean difference in Kt/V (EtOH 2habitus, age, sex, and the presence or absence of diabetes.
Watson) was 20.15 (sd 0.30, P 5 0.04, range 20.87 toThe elimination curves of ethanol appeared to follow
0.57). The mean absolute difference between methodszero-order kinetics at the concentrations measured, thus
was 0.26 6 0.20.allowing for simple extrapolation of the ethanol concen-
The procedure was well tolerated by the patients. Es-trations to time 0. Peak BrAC levels were reached within
sentially, all patients felt some mild subjective effects30 minutes (mean 0.050 6 0.008 BrAC, range 0.038 to
of the alcohol. One patient experienced an episode of0.066). The absorption and distribution were complete
hypoglycemia (blood glucose 61 mg/dl). The patient hadbetween 70 and 100 minutes. The slope of the regression
type I diabetes and had failed to hold her regular insulinline was 0.0126 6 0.0024 BrAC/hr. The extrapolated C0
dose the morning of the trial as instructed. The bloodwas 0.049 6 0.007 BrAC. Patients’ BrAC decreased to
glucose level was 135 mg/dl after ingesting 250 ml ofthe target 0.01% level by 240 minutes. BrAC time curves
for a variety of patient types are depicted in Figure 1. grape juice. The patient had no residual ill effects.
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Fig. 1. Individual breath alcohol concentra-
tions (BrAC) time curves for six patients. Eth-
anol (EtOH) concentrations (g/210 liters of
air) versus time (min) were measured in: (A)
50-year-old black female, 68 kg, body mass
index (BMI) 24 kg/m2, R2 5 0.994; (B) 50-
year-old white female, 93.2 kg, BMI 34 kg/m2,
R2 5 0.995; (C) 57-year-old white male, 107
kg, BMI 34 kg/m2, R2 5 0.994; (D) 73-year-
old diabetic white male, 75.3 kg, BMI 27 kg/
m2, R2 5 0.995; (E) 64-year-old diabetic white
female, 62 kg, BMI 24 kg/m2, R2 5 0.992; (F )
35-year-old diabetic white female, 51.6 kg,
BMI 21 kg/m2, R2 5 0.996.
DISCUSSION
Several techniques that have been used investiga-
tionally to measure body water include computed tomog-
raphy, magnetic resonance imaging, whole body imped-
ance, ultrasound, and dilution, but most are impractical
for routine clinical use [3]. The dilution technique is the
exception. In theory, a compound that is freely miscible
with water, does not dissolve in body fat, or does bind
to tissues or plasma proteins and that distributes freely
in body water can act as a marker for TBW. This means
that in any tissue, the content of that compound will
be proportional to that tissue’s water content. Various
compounds have been used in the application of this
dilution technique for estimating TBW, including, deute-
rium oxide, tritiated water, urea, antipyrine, and related
compounds [4, 5]. However, none of these markers could
be considered suitable or practical for routine clinicalFig. 2. Relationship between repeated measurements of total body
water (TBW; liters) by ethanol dilution technique (R2 5 0.98). use, as they are invasive, expensive, persistent, potentially
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Fig. 3. Bland–Altman plot of difference against
means for repeated measurements of total body
water (TBW; liters/kg) by ethanol dilution
technique. Symbols are: (—--—) mean; (- - - -)
95% limits of agreement.
composition and alcohol kinetics have monitored blood
or plasma alcohol levels by serial venepuncture or have
administered the ethanol by intravenous infusion [8–12].
Studies that took advantage of noninvasive monitoring
either measured urine levels [13] or concentrations in
expired breath [6, 14]. With the exception of two studies
in hemodialysis patients [11, 12], all studies were carried
out in healthy volunteers or unspecified “hospital pa-
tients” [8, 10]. No studies to date have measured the
TBW in PD patients using an ethanol dilution technique.
Our study highlights several important issues in TBW
estimation in PD patients. We confirmed prior observa-
tions that the Watson equations tend to underestimate
V, resulting in an overestimation of Kt/V. This findingFig. 4. Relationship between total body water (TBW; liters) estimated
by Watson or measured by ethanol dilution (R2 5 0.85). was noted in 14 of the 19 patients. This underestimation
of V is not surprising, as the Watson equations were
originally derived from healthy volunteers and deliber-
ately excluded patients who had conditions that may
toxic, or require highly specialized monitoring equip- have affected the degree of hydration [1]. Because the
ment and handling techniques. errors introduced with the Watson equations were incon-
The use of ethanol as a solute tracer for estimation of sistent, a simple correction factor is not an option.
TBW volume has many potential advantages over these The ethanol dilution method was highly reproducible,
alternatives while lacking their disadvantages. It has all rendering it sensitive to changes in hydration status and
of the required attributes of distribution and solubility, body composition, whereas the Watson equations under-
is inexpensive, and is readily available in a highly pure estimate changes in V that are due to changes in hydra-
form, and levels may be monitored precisely and rapidly tion state within a given individual. This tendency is
by noninvasive means. Not only can the blood alcohol illustrated by Figures 4 and 5, which show that the error
concentration be estimated with a great degree of relia- introduced by the Watson equations tends to increase
bility and precision by using analysis of expired air, but with increasing body water content.
the level declines in a linear and predictable fashion, mak- Our procedure is especially acceptable because we
ing simple pharmacokinetic calculations possible [6, 7]. were able to minimize the dose of ethanol required by
These latter characteristics have been made wide use of using simple measures to maximize the rate and extent
by law enforcement agencies for many years. Several of absorption, such as fasting prior to dosing and using a
prior studies have validated the use of ethanol as a tracer carbonated, noncaloric, room-temperature diluent [15].
for TBW volume in direct comparison with other agents This is important because delayed gastric emptying in-
creases the exposure of ethanol to gastric alcohol dehy-[4, 6]. However, the majority of studies examining body
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Fig. 5. Bland–Altman plot of the relationship
between the difference in total body water
(TBW; liters/kg) and the average total body
water measured by the two methods. Symbols
are: (— - - —) mean; (- - - - -) 95% limits of
agreement.
drogenase and therefore may increase the gastric first- should be noted that a precise measure of V in HD
patients is not required to determine the HD dose accu-pass metabolism of alcohol [16, 17]. Gastric first-pass
metabolism of alcohol administered to fed patients in a rately because with urea kinetic modeling errors in V
are accompanied by proportional and canceling errorsglucose solution (which delays gastric emptying) ac-
counts for approximately 6.5% of ingested alcohol; be- in K.
We have developed a new approach to an old problem:cause our patients were fasted and given the alcohol in a
nonglucose solution, the effects of first-pass metabolism measuring body water. Our procedure is reliable, repro-
ducible, easily administered, and well tolerated by pa-should be even less [15, 16]. Finally, recent advances
in BrAC technology allow more precise measurements, tients. The procedure is relatively inexpensive in terms
of both capital outlay and running costs. The periodicwhich reduce the overall number of data points needed
to make a reliable determination of C0. use of this procedure in PD patients will allow for the
detection of otherwise unrecognized underdialysis.What are the potential limitations to our study? With
the exception of one African American, all the partici-
pants were Caucasian. Although there are racial differ- ACKNOWLEDGMENTS
ences in the metabolic rate of alcohol, C0 (and thus V) Funding for this study was provided by Baxter Healthcare Corpora-
tion. This was presented in poster form at the American Society ofis independent of metabolic rate; an altered metabolic
Nephrology 31st Annual Meeting, Philadelphia, PA, USA, Octoberrate only changes the time to reach trough BrAC. The
1998, and in abstract form in J Am Soc Nephrol 9:295A, 1998. We
use of EtOH may be limited in certain patient popula- thank John Moran for his suggestions and advice. We acknowledge
the assistance of the nursing staff of the DCI Home Program, Northtions (for example, children, patients with liver disease,
Brunswick, NJ, USA.patients with social/religious objections, or patients with
a history of alcohol abuse). Theoretically, concentrations Reprint requests to Dr. Naomi V. Dahl, Nephrology Division, De-
partment of Medicine, University of Medicine and Dentistry of Newobtained early after dosing may have been lower than
Jersey, Robert Wood Johnson Medical School, One Robert Wood John-those necessary to saturate the metabolic pathway for
son Place, P.O. Box 19, New Brunswick, New Jersey 08903-0019, USA.
alcohol, thus introducing some error into our calculation E-mail: dahlnv@umdnj.edu
of Co; however, because absorption of alcohol is ex-
tremely rapid, we believe that this error is negligible. REFERENCES
The inaccuracy of the various formulae currently in
1. Watson PE, Watson ID, Batt RD: Total body water volumes
use to estimate V has potentially serious consequences for adult males and females estimated from simple anthropometric
measurements. Am J Clin Nutr 33:27–39, 1980for PD patients. Underestimation of V leads to overesti-
2. Bland JM, Altman DG: Statistical methods for assessing agree-mation of the amount of dialysis delivered. This, in turn,
ment between two methods of clinical measurement. Lancet 1:307–
can lead to underdialysis with its negative effects on 310, 1986
3. Sherman RA: Quantitating peritoneal dialysis: The problem withoutcomes [18–20]. A more accurate quantitation of the
V. Semin Dial 9:381–383, 1996amount of dialysis given to PD patients will improve
4. Endres HG, Gruner O: Comparison of D2O and ethanol dilutions
the quality of their care. A clinically practical means of in total body water measurements in humans. Clin Invest 72:830–
837, 1994measuring TBW is needed to accomplish this goal. It
Dahl et al: Measuring TBW by ethanol dilution in PD patients 2303
5. Diem K, Lentner C: Documenta Geigy: Scientific Tables (7th ed), vivo by ethanol dilution in man. Indian J Med Res 84:217–222,
1986Ardsley, Geigy Pharmaceuticals, 1970, pp 517–518
14. Wang MQ, Nicholson ME, Jones CS, Fitzhugh EC, Westerfield6. Loeppky JA, Myhre LG, Venters MD, Luft UC: Total body water
CR: Acute alcohol intoxication, body composition, and pharmaco-and lean body mass estimated by ethanol dilution. J Appl Physiol
kinetics. Pharmacol Biochem Behav 43:641–643, 199242:803–808, 1977
15. Sedman AJ, Wilkinson PK, Sakmar E, Weidler DJ, Wagner JG:7. Jones AW: Disappearance rate of ethanol from the blood of human
Food effects on absorption and metabolism of alcohol. J Studsubjects: Implications in forensic toxicology. J Forensic Sci 38:104–
Alcohol 37:1197–1214, 1976118, 1993 16. Oneta CM, Simanowski UA, Martinez M, Allali-Hassani A,
8. Jones AW, Hahn RG, Stalberg HP: Distribution of ethanol and Pares X, Homann N, Conradt C, Waldherr R, Fiehn W,
water between plasma and whole blood: Inter- and intra-individual Coutelle C, Seitz HK: First pass metabolism of ethanol is strik-
variations after administration of ethanol by intravenous infusion. ingly influenced by the speed of gastric emptying. Gut 43:612–619,
Scand J Clin Lab Invest 50:775–780, 1990 1998
9. Jones AW, Hahn RG, Stalberg HP: Update on the determination 17. Tzamaloukas AH, Jackson JE, Gallegos JC, Long DA, McLane
of total body water by ethanol dilution: The importance of the MM: Distribution volume of ethanol as a measure of body water.
Miner Electrolyte Metab 11:123–130, 1985concentration units used. Clin Sci 81:701–702, 1991
18. Hakim RM, Breyer J, Ismail N, Schulman G: Effects of dose of10. Jones AW, Hahn RG, Stalberg HP: Pharmacokinetics of ethanol
dialysis on morbidity and mortality. Am J Kidney Dis 23:661–669,in plasma and whole blood: Estimation of total body water by the
1994dilution principle. Eur J Clin Pharmacol 42:445–448, 1992
19. Parker TF III, Husni L, Huang W, Lew N, Lowrie EG, Dallas11. Jones AW, Hahn RG: Pharmacokinetics of ethanol in patients
Nephrology Associates: Survival of hemodialysis patients in thewith renal failure before and after hemodialysis. Forensic Sci Int United States is improved with a greater quantity of dialysis. Am
90:175–183, 1997 J Kidney Dis 23:670–680, 1994
12. Walle AJ, Gruner O, Niedermayer W: Measurement of total 20. Owen WF, Lew NL, Lowrie EG, Lazarus JM: The urea reduction
body water in patients on maintenance hemodialysis using an etha- ratio and serum albumin concentration as predictors of mortality
nol dilution technique. Nephron 26:286–290, 1980 in patients undergoing hemodialysis. N Engl J Med 329:1001–1006,
199313. Avadhany ST, Shetty PS: Determination of total body water in
